This report is preliminary and has not been edited or reviewed for conformity with Geological Survey standards and nomenclature. 
The report is divided into three principal parts, a section on the petrology and structural setting of the metamorphic rocks by R. B.
Forbes; a section on radiometric dating by D. L. Turner; and a section on evidence for the age of metamorphism from the stratigraphic record by C. F. Mayfield.
A total of 76 new K-Ar mineral ages from 47 different metamorphic and igneous rock samples in the southwestern Brooks Range are reported.
Radiometric dating was done at the Geochronology Laboratory of the Geophysical Institute, University of Alaska, Fairbanks. Analytical techniques have been reported previously (Turner and others, 1973) .
Analytical data for age determinations are given in Table 2 . Data for previously published U.S.G.S. K-Ar ages in the area are given in Table 3 .
Sample locations, along with ages and mineral symbols, are shown on Plates 1-3.
All of the dated samples come from the schist belt and nearby granitic plutons which crop out over a distance of more than 600 km along the southern flank of the Brooks Range (Beikman and Lathram, 1976) . Data presented here come from the western and central parts of Along some segments of the belt, including the Walker Lake and Kiana areas, the north flank of the schist terrane is concealed by allochthonous carbonates. Blueschist and Greenschist Metamorphism Blueschists have been found within the schist terrane from the Chandalar quadrangle westward to the Ambler River and Baird Mountains quadrangles. As presently mapped, most of the blueschists occur as discontinuous zones or large boudin-like masses derived from parental mafic volcanic and intrusive masses. However, a few examples of chloritoidand jadeite-bearing blueschists have been discovered, which are clearly of metasedimentary origin.
Whole-rock chemical analyses show that there is no significant difference in the sodium content of analyzed blueschists, compared to greenshists in other parts of the schist terrane. In some cases the compositionally-analogous greenschists are retrograded blueschists.
However, some of these greenschists are transitional to epidote amphibolites in prograde sections within the terrane. Additionally, sodic amphiboles occur in schists with a sodium content as low as 0.97 wt. %.
The evidence clearly indicates that the presence of sodic amphibole in' the metabasites is due to the high pressure/low temperature regime of blueschist facies metamorphism rather than high sodium content.
Whole-rock sodium concentrations of Brooks Range blueschists and / greenschists are similar to those in metabasites from other Alaskan metamorphic terranes, with the exception of the highly sodic crossiteepidote schists in the Seldovia-Kodiak terranes which were derived from parental spillites (J. Garden, University of Alaska Ph.D. dissertation, in preparation).
Petrofabric studies of the metabasites (blueschists, greenschists and epidote amphibolites) indicate a polymetamorphic history involving a later greenschist facies thermal event which overprinted the earlier blueschists, amphibolites and eclogites (?) with imperfectly developed greenschist mineral assemblages. This event has had a pervasive effect 40 40 on the apparent K/ Ar mineral ages, as discussed in the following sections. Metasediments derived from argillaceous and quartzose sediments show little evidence of the later greenschist facies thermal event because the constituent mineral assemblages tend to be stable under both 40 40 blueschist and greenschist facies P/T conditions. K/ Ar dating, however, shows that the micas and amphiboles in these rocks have frequently been partially or totally reset by a later thermal pulse.
The earlier metamorphic event appears to have been under conditions of the low temperature sub-division of the blueschist facies (Taylor and Coleman, 1968) , based on the occurrence of coarse relict jadeite in a metawacke collected from the cirque 1/4 mile east of VABM Ruby, and as metacrysts in a metabasite which crops out on the southern tip of the ridge which forms the divide between the Kogoluktuk and Mauneluk Rivers.
Significantly, the jadeitic metacrysts are rimmed by secondary sodic amphibole which probably formed during the waning stages of blueschist facies metamorphism.
Additional support for a pervasive blueschist facies metamorphic event is given by the general absence of biotite in pelitic schists and metabasites in this segment of the schist belt. Notable exceptions are the biotite-bearing assemblages of the felsic schists ("button schists") which are highly potassic and have whole-rock compositions analogous to rhyolites or potassic granites, and biotite which is in contact thermal aureoles around granitic plutons north of the Walker Lake Fault. The origin of the constituent biotite and the genesis of the "button schists" is controversial. Biotite and muscovite from these schists give Cretaceous 40 40 K/ Ar ages, apparently produced by the pervasive Cretaceous age overprint discussed in the following section.
The absence of lawsonite and aragonite in the blueschists is no doubt due to the retrograde effects of the late greenschist facies thermal event, which has inverted the former aragonite to calcite, and promoted reactions between lawsonite and other minerals to produce clinozoisite and epidote. Petrorraphic evidence for these reactions includes biaxial calcite with relict optic angles up to 40°, and discordant clinozoisite-paragonite fabrics which are believed to be related to retrograded lawsonite.
18 16 Initial results of oxygen isotope (0 /O ) analyses by James O'Neil (personal communication) indicate that quartz-glaucophane mineral pairs were not equilibrated, whereas quartz-mica pairs from the same rocks give crystallization temperatures of 500°-600°C which would correlate with conditions of the upper greenschist fades. In addition to documenting the validity of subsequent greenschist facies metamorphism, these data are compatible with the survival of coarse-grained glaucophane in the polymetamorphic fabrics; and with the inherited argon problem associated with the dating of some of the coarse-grained glaucophanes discussed in a following section.
Structure
The most pronounced and easily recognized structure in this part of the schist belt is an anticlinally folded nappe-like structure (Figure 1) which was first called the Kalurivik Arch (Pessel and others, 1973) .
The axis of this structure is 5 km north of VABM Ruby. The arch is defined by the deformation of S.. surfaces, but S 9 surfaces were apparently synchronous with the development of the antiform. The arching may be related to the emplacement of the Redstone, Shishsakshinovik and Mt.
Igipak-Arrigetch Peaks plutons, because these plutons are elongate parallel to the axis of the arch and have gneissic margins (Plate 2).
The Walker Lake Fault (Figure 1 ) was first described by Fritts (1972) . Fritts believed that he could trace the fault for 100 km along the strike of the schist belt, and that it separated two distinctive terranes. The north block is characterized by low grade metasediments containing the assemblage quartz-albite-muscovite-chlorite (-calcite, biotite). In several cases, biotite appears to be incipient and to be forming from the reaction of chlorite and white mica, and not due to post-kinematic upgrading from the thermal effects of plutons. Metabasites are volumetrically less important in the north block, and to date blueschists have not been found north of the fault. This fault is controversial because it is difficult to map in some areas, and the discordance in the structure of the opposing blocks is not obvious in most areas. The fault, if real, appears to pre-date the deformation of the Kalurivik Arch, and may be a folded unconformity that has been subsequently metamorphosed.
The discovery of jadeitic pyroxene in the above described metabasite is important, as it supports the contention of Forbes and others (1974) that the metabasites and metasediments on the southern tip of the ridges between the Ambler and Kogoluktuk Rivers represent the feebly recrystallized portion of the blueschist terrane to the north, rather than a separate
Devonian terrane similar to that south of the Ambler Lowland, which apparently underwent blueschist facies metamorphism at a later time (I. L. Tailleur, personal communication). cambrian, and a number of ages scattered between these two extremes.
Cretaceous Ages
The majority of the K-Ar data are from micas that yielded Cretaceous ages, and these ages are distributed throughout the 300 km length of the schist belt we have studied. We believe that the Cretaceous age grouping In the Survey Pass quadrangle (Plate 3), Brosge and Reiser (1971) reported three mica dates from the Arrigetch Peaks Pluton ranging from 86 to 92 m.y. We obtained a 90 m.y. biotite age from this body, northeast of Walker Lake. A very small granitic pluton intruding the schist belt in the southwestern part of the quadrangle yielded biotite and muscovite ages of 100 and 115 m.y., respectively. Within the schist belt itself we have determined 8 mica ages from schists ranging from 96 to 136 m.y.
In summary, the regional picture for the three quadrangles studied is that of a belt of granitic plutons trending H-W immediately north of the schist belt; with two much smaller granitic bodies yielding similar
Cretaceous apparent ages and apparently intruding the schist belt itself.
Nearly all mica ages scattered along the 300 km length of the schist Table 1 lists rock types, minerals dated, ICO contents and apparent ages for these samples. Complete analytical data are given in Table 2 .
These data suggest that we are looking at a schist terrane which has metamorphosed previously in late Precambrian time. The Precambrian ages come mostly from amphiboles --the class of mineral which is most resistant to argon loss due to thermal overprinting. It should also be noted that these old ages are present in mineral having an extreme range of potassium content (from as low as 0.035% ICO in one of the glaucophanes to 0.74% in the hornblende and up to 9.35% in the muscovite).
In a high pressure-low temperature blueschist environment, one might expect a problem with inherited argon --that is, argon degassed from the parent rocks and occluded within the recrystallizing minerals during metamorphism. This would be a particular problem for low-potassium minerals such as glaucophanes, where a given amount of inherited argon could have a very large effect on the calculated apparent age.
And, in fact, there are five glaucophane schists from Ruby Ridge which appear to be strongly affected by this problem --their apparent ages range from 1.3 to 2.6 billion years (Plate 2, Table 2 ). These apparent ages are clearly erroneous due to inherited argon, as will be discussed below. They have been omitted from Figure 2 and Table 1 The problem then is to distinguish between geologically meaningful ages and those which are anomalously old due to inherited argon. This can be done in two ways:
1. By examining the potassium content of each mineral yielding a Precambrian apparent age in Tables 1 and 2 , one sees that it is not only the minerals with very low ICO contents that have Precambrian ages.
These ages come from minerals whose K^O contents vary from 0.035 to 9.35% K,,0, as discussed above. If all of the late Precambrian ages were erroneous and caused by inherited argon, the grouping of seven similar ages from minerals having such an extreme (267:1) range of K^O content --the glaucophanes, actinolite, hornblende, blue-green amphibole and muscovite shown in Table 1 Ideally, for a suite of coeval samples, the isochron is a straight line 40 with the y-axis intercept being the initial Ar content of each mineral at the time the K-Ar clock was set; i.e., how much inherited argon, if
any, is present. The slope is a function of geologic age. Strictly speaking, the use of an isochron analysis of these data may be questioned, because of the implicit assumption that all of the plotted minerals contained non-radiogenic argon of the same isotopic composition at the time of metamorphic recrystallization. It is highly unlikely (but not impossible) that such a condition would occur in different rocks scattered at considerable distances along a regional metamorphic belt.
We believe, however, that plotting these data graphically on an isochron diagram is a useful exercise which may help to illustrate some of the features of the argon system we are dealing with, as follows:
Five of the individual glaucophane apparent ages from the Ruby Ridge area plot significantly above the isochron when the scale is expanded sufficiently to show the fine structure of the data near the origin (Figure 4 ). This shows that the assumption discussed above is not true for the system as a whole. These five glaucophanes apparently contain varying but 40 significant amounts of inherited argon, that is, Ar which was occluded in the individual minerals at the time of their 40 formation in response to a partial pressure of Ar in the system during metamorphic recrystallization. Because the potassium content of these glaucophanes is extremely low, a relatively small amount of inherited argon can have a very large effect on the calculated apparent K-Ar age, and apparent ages of these samples range from 1.3 to 2.5 b.y. The glaucophane ages which are believed to have been significantly increased by inherited argon are preceded by asterisks in Table 2 and on Plates 1-3.
At the outset of this study, when only four glaucophanes had been determined from outcrops near VABM Ruby in the Ambler River quadrangle, one of the authors suggested the possibility of a 1.29 b.y. isochron, shown by the short line on Figure 4 , but pointed out that these preliminary data were insufficient to rule out the possibility of inherited argon (Turner, 1973) .
The greater amount of data now available indicates that this line is an "errorchron;" a result of the inherited argon problem combined with insufficient data early in the study. Indeed, the fact that any group of minerals form a colinear array on such a diagram does not prove they satisfy this assumption, but merely is consistent with the assumption. The y-intercept of this isochron is zero, suggesting, according to the systematics of the isochron model, that significant amounts of inherited argon are not present in the minerals which plot on the isochron. These minerals are listed on Table 1. 3. In Figure 3 , the isochron may appear to be completely dominated by the leverage of the muscovite point. However, if this point is eliminated, the recalculated isochron age is 695 m.y.
Moreover, if both the muscovite and hornblende points are 
REGIONAL RADIOMETRIC EVIDENCE FOR THE AGE OF TIE SCHIST BELT
In addition to the K-Ar data, there is a considerable body of regional radiometric evidence which is compatible with the existence of a late Precambrian metamorphic basement in the southwest Brooks Range: One possible explanation for this apparent age conflict is that the marble lens may be tectonically infolded or imbricated within the schist belt. Such a structural situation is certainly possible in a metamorphic terrane characterized by overturned, subisoclinal folds and thrusts (Forbes and others, 1973) . Regional metamorphism probably began as the relatively autochthonous rocks of the southern Brooks Range became depressed and squeezed as great thrust panels were successively imbricated and stacked above them.
As major tectonism waned in the Late Cretaceous, it is probable that metamorphism came to an end, and this history is supported by most K-Ar Range which has been subsequently remetamorphosed in the Late Mesozoic.
SUMMARY AND CONCLUSIONS
The southwestern Brooks Range schist belt has had a complex geologic history, as reflected in part by the complex pattern of radiometric ages discussed above. The presently-available radiometric age evidence suggests that this schist belt has, at least in part, undergone a late Precambrian metamorphism, and that the parent sedimentary and igneous rocks for the dated Precambrian metamorphics are at least as old as Late Precambrian (Precambrian Z). We speculate that the Paleozoic marble in the Survey Pass quadrangle is either:
infolded or tectonically imbricated in the schist belt, or 2. there is a presently unrecognized structural or stratigraphic discontinuity of some kind between this marble and schists radiometrically dated as Late Precambrian.
The schist terrane experienced a major thermal event in mid-Cretaceous time, causing widespread resetting of nearly all K-Ar mica ages. This thermal event may have been synchronous with the emplacement of the E-Wtrending series of granitic plutons discussed above.
Two areas studied in this schist terrane, in the eastern Baird
Mountains and Ambler River quadrangles, have apparently preserved K-Ar age evidence of a previous, Late Precambrian metamorphism. As seen in 
